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@ Rotor of electric motor for compressor. 

(§) A rotor of an electric motor for a compressor 
which can prevent the generation of an eddy 
ounrent, reduce the flux leakage between adja- 
cent magnetic poles! thereby enhancing the 
operation efficiency of the motor and reducing 
the size of the compressor. A first end surface 
member formed ftnom [a nonmagnetic material, a 
second end surface member formed from a 
nonmagnetic memt>er and a rotor core are in- 
tegrally caulked by a caulking member. The 
rotor core is provided with a gap for preventing 
the short circuit of the magnetic flux caused 
between adjacent magnetic poles. The gap 
communicates with a through hole into which 
the caulking member is inserted. 
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BACKGROUND OF THE INVENTION 

The present Invention relates to the structure of 
the rotor of an electric motor for a compressor. 

Conventional rotors of electric motors for a com- s 
pressor generally has the following structures. 

The rotor described in Japanese Patent Laid- 
Open No. 52359/1982 Is produced by Inserting a lam- 
inated rotor core and magnetic materials into a metal 
pipe, and integrally die-casting these elements. io 

The rotor described in Japanese Patent Laid- 
Open No. 246748/1990 is produced by Inserting a 
laminated rotor core and magnetic materials into a 
metal pipe in the same way as In the above-described 
rotor, and integrally clamping these elements. At the is 
time of damping, an air gap portion Is provided be- 
tween adjacent magnetic materials so as to safely 
separate the poles of the magnetic materials, thereby 
enhancing the efficiency. 

Another rotor is described in Japanese Patent 20 
Publication No. 23584/1985. In this rotor, magnetic 
materials which constitute the magnetic poles are in- 
serted (embedded) into the rotor core. This rotor is 
used for a synchronous motor which is capable of self 
starting. 25 

Japanese Patent Laid-Open No. 185247/1992 
discloses another rotor, which is composed of mag- 
netic materials embedded into the salient pole por- 
tions of the rotor core which has a salient-pole struc- 
ture. The rotor core with the magnetic materials em- 30 
bedded therein and end surface members for cover- 

■ 

ing both end surface thereof are arranged, and a ro- 
tary shaft is integrally press-fitted into the rotor core 
in this state. 

The conventional rotors having the above- 35 
described structures, however, have problems such 
as much eddy current loss caused by the cage portion 
of a die-cast material (e.g., zinc and aluminum), much 
eddy current loss in a metal pipe, and difficulty in the 
maintenance of the high dimensional accuracy at the 40 
time of production due to the projection provided on 
the rotor core so as to prevent the movement of the 
magnetic materials. 

In the rotor provided with air gaps for separating 
poles, when a breakage such as cracking is produced 4S 
on the magnetic material (espedally, ferrlte) due to a 
thermal shock or a mechanical shock applied to the 
rotor, the fragments of the magnetic material are 
flown into the air gaps, which sometimes leads to a 
further breakage or chipping. 50 

In some rotors, an eddy current is produced by 
the secondary conductor in the rotor core, and since 
part of the magnetic flux produced from the magnetic 
material is short-circuited in the rotor core (conduc- 
tor), the operation efficiency of the motor is towered. 55 

Other rotors suffer from the problems such as the 
loosening of the core in the state of the rotor core and 
difficulty in the maintenance of the high dimensional 



accuracy due to the low accuracy of assembly in the 
process of press-fitting the rotary shaft. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present inven- 
tion to eliminate the above-described problems in the 
related art and to provide a rotor of an electric motor 
for a compressor which can prevent the generation of 
an eddy current due to a metal protective pipe, the 
generatton of an eddy current in a secondary conduc- 
tor constituted by a die-cast material, the progress of 
the breakage of the magnetic material due to air gaps 
and the lowering of the dimensional accuracy of the 
rotor. 

To achieve this aim, in a first aspect of the present 
invention, there is provided a rotor of an electric motor 
for a compressor having a compressing element and 
an electrks motor for driving the compressing element 
which are accommodated in a single closed container, 
the rotor comprising: a rotor core composed of a plur- 
al ity of laminated iron plates; a first end surface menv 
ber formed from a nonmagnetic material which has at 
least a balance weight and a caulking boss for caulk- 
ing a disk for oil separation and which is disposed at 
one end of the rotor; a second end surface member 
formed from a nonmagnetic material which is dis- 
posed at the other end of the rotor; and a plurality of 
caulking members which penetrate the rotor core, the 
first end surface member and the second end surface 
member so as to integrally caulk the rotor core, the 
first end surface member and the second end surface 
member. 

The rotor core is composed of a plurality of elec- 
tromagnetic steel plates each having a thickness of 
not more than 0.5 mm which are integrally laminated 
by welding or caulking. The first end sur^ce mem- 
ber/and or the second end surface member is com- 
posed of a die-cast nonmagnetic metel material, a 
drawn nonmagnetic metel drawing, or a resin materi- 
al. 

In a second aspect of the present invention, there 
is provided a rotor of an electric motor for a compres- 
sor having a compressing element and an electric mo- 
tor for driving the compressing element which are ac- 
commodated in a single dosed conteiner, the rotor 
comprising: a rotor core composed of a plurality of 
laminated Iron plates which accommodate a plurality 
of magnetic materials constituting magnetic poles 
along the outer periphery of the rotor core; a first end 
surface member formed from a nonmagnetic material 
which has at least a balance weight and a caulking 
boss for caulking a disk for oil separation and which 
is disposed at one end of the rotor; a second end sur- 
face member formed from a nonnnagnetic material 
which is disposed at the other end of the rotor, and a 
plurality of caulking members which are inserted into 
the respective through holes formed in the first end 
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surface member and leading to the second end sur- 
face member through the rotor core so as to integrally 
caulk the rotor core, the first end surface member and 
the second end surface member. 

The rotor core is provided with air gaps between 5 
the respective adjacent magnetic poles so as to pre- 
vent the short circuit of a magnetic flux. The air gaps 
lead to the respecthfe through holes in which the 
caulldng members are inserted. The magnetic mate- 
rial is, for example, a magnet of sintered ferrite, a sin- io 
tared rare earth element, a rare'earth element alloy or 
a plastic containing a rare earth element. 

In a third aspect of the present invention, there is 
provided a rotor of an electric motor for a compressor 
having a compressing element;and an electric motor is 
for driving the compressing elernent which are accom- 
modated in a single closed container, the rotor com- 
prising: a rotor core composed of a plurality of lamin- 
ated iron plates which accommodate a plurality of 
magnetic materials constituting magnetic poles along 20 
the outer periphery of the rotor core; a first end sur- 
face member formed from a nonmagnetic material 
which has at least a balance weight and a caulking 
boss for caulking a disk for oil separation and which 
is disposed at one end of the rbton a second end sur- 25 
face member formed from a nonmagnetic material 
which is disposed at the other end of the rotor; and a 
welding portion for integrally welding the outer periph- 
eral surfaces of the rotor core, the first end surface 
member and the second end surface member. 30 

In a fourth aspect of the present invention, there 
is provided a rotor of an electric motor for a compres- 
sor having a compressing element and an electrk^ mo- 
tor for driving the compressing 'element which are ac- 
commodated in a single closed container, the rotor 35 
comprising: a rotor core composed of a plurality of . 
laminated Iron plates which accommodate a plurality 
of magnetic materials constituting magnetic poles 
along the outer periphery of the rotor core; a first end 
surfece member formed from a nonmagnetic material 4o 
which is disposed at one end 'of the rotor; a second 
end surface member formed from a nonmagnetic ma- 
terial which is disposed at the other end of the rotor; 
and a welding portion for integrally welding the outer 
peripheral surfaces of the rotor core, the first end sur- 45 
face member and the second end surface member. 

In any of the rotors of an electric motor for a com- 
pressor having the above-desdribed structures, since 
the rotor is integrally produced before the rotor is 
press-fitted into a rotary shaft, it is possible to main- 50 
tain the high dimensional accuracy of the rotor. 

In addition, since there is ho secondary conduc- 
tor constituted by a metal pipe or a die-cast material 
for protection, the generation of an eddy current is 
prevented. 55 

The above and other objects, features and ad- 
vantages of the present invention will become dear 
from the following description of the preferred em- 



bodiments thereof, taken in conjunction with the ac- 
companying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a compressor inoor- 
poreting an embodiment of the rotor of an electric 
motor according to the present invention; 
Fig. 2 is a partially sectional view of the embodi- 
ment shown in Fig. 1; 

Fig. 3 is a plan view of the f iret end surface mem- 
ber shown In Fig. 2; 

Fig. 4 is a plan view of the second end surface 
member shown in Fig. 2; 
Fig. 5 is a plan view of the electromagnetic steel 
plates (iron plates for the rotor) used for the rotor 
core shown in Fig. 2; 

Fig. 6 Is a plan view of a modif k:ation of the rotor 
core shown in Fig. 2; 

Fig. 7 is a partially sectional view of another em- 
bodiment of the rotor of an electric motor for a 
compressor according to the present invention; 
Fig. 8 is a plan view of the f iret end surface mem- 
ber shown in Fig. 7; 

Fig. 9 is a plan view of the second end surface 
member shown in Fig. 7; 

Fig. 10 is a plan view of the electromagnetic steel 
plates (iron plates for the rotor) used for the rotor 
core shown in Fig. 7; 

Fig. 11 is a plan view of a modification of the rotor 
core shown in Fig. 7; 

Fig. 12 is a plan view of another modification of 
a rotor core shown in Fig. 7; 
Fig. 13 is a partially sectional view of still another 
embodiment of the rotor of an electric motor for a 
compressor according to the present invention; 
Fig. 14 is a plan view of the embodiment shown 
in Fig. 13; 

Fig. 15 is a bottom view of the embodiment 
shown in Fig. 13; 

Fig. 16 is a plan view of the first end surface 

member shown in Fig. 13; 

Fig. 17 is a side eievational view of the first end 

surface member shown in Fig. 13; 

Fig. 18 is a plan view of the second end surface 

member shown in Fig. 1 3; 

Fig. 19 is a plan view of the rotor core shown in 

Fig. 13; 

Fig. 20 is a plan view of a modification of the rotor 
core shown in Fig. 13; 

Fig. 21 is a plan view of another modification of 
the rotor core shown in Fig. 13; 
Fig. 22 is a partially sectional view of a further 
embodiment of the rotor of an electric motor for a 
compressor according to the present invention; 
Fig. 23 is a partially sectional view of a modifica- 
tion of the rotor core shown in Fig. 22; 
Fig. 24 is a partially sectional view of another 
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modification of the rotor core shown in Fig. 22; 
Fig. 25 is a partially enlarged plan view of still an- 
other modification of the rotor core shown in Fig. 
22; 

Fig. 26 is a plan view of a further modification of s 

the rotor oore shown in Fig: 22; 

Fig. 27 is a plan view of a still further embodiment 

of the rotor of an electric motor for a compressor 

according to the present invention; 

Fig. 28 Is a plan view of a nriodif icatlon of the iron io 

plate shown in Fig. 27; 

Fig. 29 is a plan view of another modification of 

the iron plate shown in Fig. 27; 

Fig. 30 is a plan view of still another modification 

of the iron plate shown In Fig. 27; is 

Fig. 31 is a partially sectional view of a still further 

embodiment of the rotor of an electric motor for a 

compressor according to the present invention; 

Fig. 32 is a plan view of the embodiment shown 

in Fig. 31 ; 20 

Fig. 33 is a plan view of a modification of the rotor 

core shown in Fig. 31; 

Fig. 34 is a plan view of another modification of 
the rotor core shown in Fig. 31 ; 
Fig. 35 is a plan view of still another modification 25 
of the rotor core shown in Fig. 31 ; 
Fig. 36 Is a plan view of a further modification of 
the rotor core shown in Fig. 31; 
Fig. 37 is a plan view of a still further modification 
of the rotor core shown in Fig. 31 ; 30 
Fig. 38 is another example of a compressor incor- 
porating a still further embodiment of the rotor of 
an electric motor according to the present inven- 
tion; 

Fig. 39 Is a partially sectional view of the embodi- 3S 

ment of the rotor shown in Fig. 38; 

Fig. 40 is a plan view of the embodiment shown 

in Fig. 39; ' 

Fig. 41 is a plan view of the electromagnetic steel 

plates (iron plates for the rotor) used for the rotor 40 

core shown in Fig. 39; 

Fig. 42 is a side elevational view of the rotor core 
which is incorporated into the embodiment shown 
in Fig, 39; 

Fig. 43 is a perspective view of a magnetic mate- 4S 
rial which is incorporated into the embodiment 
shown in Fig. 39; 

Fig. 44 shows the demagnetization curves of the 
permanent magnet used ais the magnetic materi- 
al In Fig. 43 as compared with the demagnetize- so 
tion curves of a ferrite magnet; 
Fig. 45 is a plan view of the rotor core shown in 
Fig. 42, explaining tlie magnetic field generated 
by the magnetic materials; 

I 

Fig. 46 Is a timing chart of the excitation patterns 55 
of the stator coil in the compressor shown in Fig. 
38; 

Fig. 47 shows the connection diagrams of the sta- 



tor coil showing the distribution^of the magnetic 
field on the inner periphery of the stator In the 
patterns 1 to 2 in Fig. 46; 
Fig. 48 shows the connection diagrams of the sta- 
tor coil showing the distribution of the magnetic 
field on the inner periphery of the stator in the 
patterns 3 to 4 in Fig. 46; 
Fig. 49 shows the connection diagrams of the sta- 
tor coil showing the distribution of the magnetic 
field on the inner periphery of the stator in the 
patterns 5 to 6 in Fig. 46; 
Fig. 50 is a plan view of the stator showing the dis> 
tributton of the magnetic field on the inner periph- 
ery of the stator in each of the patterns 1 to 4 In 
Fig. 46; 

Fig. 51 is a plan view of the stator showing the dis- 
tribution of the magnetic field on the inner periph- 
ery of the stator in each of the patterns 5 to 6 in 
Fig. 46; and 

Fig. 52 is a sectional view of still another example 
of a compressor incorporating the rotor of an 
electric motor according to the present invention. 

DESCRIPTION OF THE PREFERRED 

ElVIBODIMENTS 

The present invention will be explained in more 
detail with reference to the following drawings. Fig. 1 
is a sectional view of a rotary compressor. In Fig. 1, 
the refeience numeral 1 represents a dosed contain- 
er accommodating an electric motor 2 in the upper 
part and a compressing element 3 driven by the elec- 
tric motor 2 in the tower part The closed container 1 
is produced by bonding and closing the container ac- 
commodating the electric motor 2 and a container ac- 
commodating the compressing element by high- 
fequency welding or the like. 

The electric motor 2 is composed of a stator 4 
f bced to the inner wall of the closed container 1 and a 
rotor 5 supported by the inside of the stator 4 in such 
a manner as to be freely rotatable around a rotary 
shaft 6. The stator 4 is provided with a stator coil 7 for 
providing the rotor 5 with a rotating magnetic flux . 

The compressing element 3 is provided with a 
first rotary cylinder 9 and a second rotary cylinder 10 
which are separated from each other by a partition 
plate 8. Eccentric portions 11, 12 which are attached 
to the cylinders 9 and 10, respectively, are rotated 
around the rotary shaft 6 with a phase difference of 
180 degrees therebetween. 

The reference numerals 13 and 14 represent first 
and second rollers which rotate in the cylinders 9 and 
10, respectively, with the rotations of the eccentric 
portions 11 and 12. 

Afirst frame 15 and the partition plate 8 sandwich 
the cylinder 9 therebetween, and a second frame 16 
and the partition plate 8 sandwich the cylinder 10 
therebetween, thereby forming the respective com- 
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presston spaces. The first frame 15 and the second 
frame 16 are provided with t>eairing portions 17 and 
18, respectively, for supporting the rotary shaft 6. 

Discharge mufflers 19, 20 are attached to the 
first frame 1 5 and the second frame 1 6, respectively, 
in such a manner as to cover the respective frames 
15, 16. The cylinder 9 and the discharge muffler 19 
communicate with each other through a discharge 
hole (not shown) formed in the first frame 15, and the 
cylinder 10 and the discharge muffler 20 communi- 
cate with each other through a discharge hole (not 
shown) formed in the second frame 16. A bypass pipe 
21 provided on the outside of the closed container 1 
communicates with the discharge muffler 20. 

The reference numeral 22 denotes a discharge 
pipe provided at the top of the closed container 1 , and 
23, 24 suction pipes connected to the cylinders 9 and 
10, respectively. A closing terminal 25 supplies elec- 
tric power from an external equipment to the coil 7 of 
the stator 4. (Lead wires for connecting the stator coil 
7 and the closing terminal 25 are not shown). The ref- 
erence numeral 26 represents an oil separation disk 
which is fixed to the rotary shaft 6 by a tx>lt 27. The 
disk 26 may be fixed by a later-described boss. 

Fig. 2 is a partially sectional view of the rotor 5 
shown in Fig. 1 before the rotary shaft 6 is press-fitted 
thereinto. A rotor core 28 is coniposed of a plurality of 
laminated electromagnetic steel plates (Iron plates for 
a rotor) each having a thickness of 0.5 mm and punch- 
ed into a predetermined shape, The electromagnetic 
steel plates are caulked with each other and integrally 
laminated (or integrally welded). 

The reference numeral 29 denotes a magnetic 
material such as a magnet of sintered ferrite, a sin- 
tered rare earth element, an alloy of rare earth ele- 
ment and iron, and a plastic containing a rare earth 
element As examples of the rare earth element pra- 
seodymium and neodymium will be cited. The mag- 
netic material 29 is press-fitted or inserted into a slot 
which is formed in the rotor core 28 in the axial direc- 
tion. A plurality of magnetic materials 29 are disposed 
in the rotor core 28 along the outer periphery of the 
rotor core 28. 

A first end surface member 30 which is attached 
to one end of the rotor core 28 has balance weights 
33, 34, 35 and 36 for counterbalancing the compress- 
ing element 3, and bosses 31, 32 disposed on the bal- 
ance weights 36 and 35, respectively. The first end 
surface member 30, the balance weights 33 to 36 and 
the t>osses 31 and 32 are integrally formed from a 
nonmagnetic material such as aluminum and zinc by 
die-casting or drawing or from a synthetic resin ma- 
terial. 

The positions and the shapes of the bosses 31, 
32 are determined In correspondence with the ol I sep- 
aration disk 26. 

A second end surface member 38 which is at- 
tached to the other end of the rotor cors 28 is integral- 
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ly formed into an annular shape from a nonmagnetic 
material such as aluminum by die-casting or drawing 
or from a synthetic resin material in the same way as 
in the first end surface member 30. 

5 A plurality of welding portions 37 are provided on 

the outer periphery of the rotor 5 in the axial direction. 
After the magnetic materials 29 are press-fitted into 
the rotor core 28 and the first end surface member 30 
and the second end surface member 38 are set these 

10 welding portions 37 are simultaneously welded so as 
to produce the rotor 5. 

Fig. 3 is a plan view of the first end surface mem- 
ber 30 shown in Fig. 2. The end surface member 30 
has a concentric (annular) shape, and the rotary shaft 

15 6 of the rotor 5 Is passed through a shaft hole 39. 

Fig. 4 is a plan view of the second end surface 
member 38 shown in Fig. 2. The end surface member 
38 has a concentric (annular) shape, and the rotary 
shaft 6 of the rotor 5 is passed through a shaft hole 

20 40. 

Fig. 5 is a plan view of the electromagnetic steel 
plates (iron plates for the rotor) used for the rotor core 
28 shown in Fig. 2. In Fig. 5, the reference numerals 
41 to 44 denote slots into which the magnetic mate- 

25 rials 29 having a section having a figure obtained by 
removing a small sector from a concentric large sec- 
tor (this section will be hereinunder referred to as "a 
fan-shaped section'^ are press-fitted. The slots 41 to 
44 are formed in the rotor core 28 along the outer per- 

30 iphery. Slits 45 to 48 are provided between the re- 
spective adjacent slots 41 to 44 (on the boundaries 
between the poles). The slits 45 to 48 function as the 
air gaps for promoting the separation of the respec- 
tive magnetic poles after the magnette materials 29 

35 are press-fitted into the slots 41 to 44. 

Fig. 6 is a plan view of a modifteation of the rotor 
core 28 shown in Fig. 2. The rotor core shown in Fig. 
6 is composed of a plurality of laminated electromag- 
netic steel plates 50 each punched into a shape for 

40 forming salient pole portions 51 to 54. The reference 
numerals 55 to 58 denote notched portions for form- 
ing the salient pole portions 51 to 54. 

The reference numerals 59 to 62 denote slots into 
which the magnetic nnaterials 29 are press-fitted, and 

45 63 a shaft hole through which the rotary shaft 6 is 
passed. 

After the magnetic materials 29 are press-fitted 
into the rotor core, the end surface members 30, 38 
are set and the outer periphery of the rotor 5 is weld- 
50 ed so as to integrally form the rotor 5 in the same way 
as the rotor 5 shown in Fig. 2. In this example, each 
of the end surface members 30 and 38 may have the 
same shape as the respective end surfaces of the ro- 
tor core. 

55 Fig. 7 Is a partially sectional view of another env 

bodiment of the rotor of an electric motor for a com- 
pressor according to the present invention. In Fig. 7, 
the reference numeral 1 01 denotes a rotor core which 
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is composed of a plurality of laminated electromag- 
netic steel plates (iron plates for a rotor) each having 
a thickness of 0.5 mm and punched into a predeter- 
mined shape. The electromagnetic steel plates are 
caulked with each other and integrally laminated (or s 
integrally welded). 

The reference numeral 102 denotes a magnetic 
material (the same as the magnette material shown In 
Fig. 2). The magnetic material 102 is press-fitted or 
inserted into a slot which Is forlned in the rotor core io 
28 in the axial direction. A plurality of magnetic mate- 
rials 102 are disposed in the rotor core 101 along the 
outer periphery of the rotor core 101. 

A first end surface member 1 03 which is attached 
to one end of the rotor core 1 0 1 has balance weights is 
104, 105, 106 and 107 for counterbalancing the com- 
pressing element 3, and bosses 108, 109 disposed on 
the balance weights 104 and 107, respectively. The 
first end surface member 103, the balance weights 
1 04 to 1 07 and the bosses 1 08 and 1 09 are integrally 20 
formed from a nonmagnetic material such as alumi- 
num and zinc by die-casting or drawing or from a syn- 
thetic resin material. 

The positions and the shapes of the bosses 108, 
109 are determined in correspondence with the oil 25 
separation disk 26. 

A second end surface member 110 which is at- 
tached to the other end of the rotor core 101 is inte- 
grally formed into an annular shape from a nonmag- 
netic material such as aluminum by die-casting or 30 
drawing orf rom a synthetic resin material in the sanie 
way as in the first end surface member 103. 

Caulking members (caulking pins, caulking bolts 
or the like) 111 to 114 integrally caulk the first end sur- 
face member 103, the rotor core 101 and the second 35 
end surface member 110 by utilizing the through 
holes formed in the first end surface member 103, the 
rotor core 101 and the second end surface member 
110. 

Fig. 8 is a plan view of the first end surface menv 40 
ber 103 shown in Fig. 7. The end surfece member 103 
has a concentric (annular) shape, and the rotary shaft 
6 of the rotor 5 is passed through a shaft hole 119. 

The reference numerals 115 to 118 represent 
through holes through which the caulking membera 45 
111 to 114, respectively, are passed. Each of the 
through holes 115 to 118 has appropriate size and 
shape corresponding to the respective caulking menr^ 
bers 111 to114. 

Fig. 9 is a plan view of the second end surface so 
member 110 shown in Fig. 7. The end surface mem- 
ber 110 has a concentric (annular) shape, and the ro- 
tary shaft 6 of the rotor 5 is passed through a shaft 
hole 124. 

The reference numerals 120 to 123 represent 55 
through holes through which the caulking members 
111 to 114, respectively, are passed. Each of the 
through holes 120 to 123 has appropriate size and 



shape corresponding to the respective caulking mem- 
bera 111 to 114. 

Fig. 1 0 is a plan view of the electromagnetic steel 
plates (iron plates for the rotor) used for the rotor core 
101 shown in Fig. 7. In Fig. 10, the reference numer- 
als 125 to 128 denote slots into which the magnette 
materials 1 02 having a fan-shaped section are press- 
fitted. The slots 125 to 128 are formed In the rotor 
core 101 along the outer periphery. Slits 129 to 132 
are provided between the respective adjacent slots 
125 to 128 (on the txMindaries between the poles). 
The slits 129 to 1 32 function as air gaps for promoting 
the separation of the respective magnetic poles after 
the magnetic materials 102 are press-fitted into the 
slots 125 to 128. 

The reference numerals 131 to 134 represent 
through holes through which the caulking members 
111 to 114, respectively, are passed. Each of the 
through holes 120 to 123 has appropriate size and 
shape corresponding to the respective caulking mem- 
bera 111 to 114. They are disposed between the re- 
spective adjacent slots 125 to 128 so as to commu- 
nicate with the respective slits 129 to 132. Since the 
slits 129 to 132 communicate with the through holes 
131 to 134, the air gaps between the adjacent mag- 
netic poles are so enlarged as to reduce the flux leak- 
age and the operation efficiency of the electric motor 
is enhanced to that degree. The reference numeral 
135 represents a shaft hole into which the rotary 
shaft 6 is press-fitted. 

After the first end surface member 103, the rotor 
core 101 and the second end surface member 110 are 
laid with one on top of another in such a manner that 
the through holes 115 to 118. 131 to 134 and 120 to 
123 comnmjnicate with each other, they are Integrally 
caulked by the caulking members 111to114soasto 
produce the rotor 5. 

Fig. 11 is a plan view of a modification of the rotor 
core 101 shown in Fig. 7. The rotor core shown in Fig. 

II Is composed ofa plurality of laminated electromag- 
netic steel plates 140 each punched into a shape for 
forming salient pole portions 136 to 139. The refer- 
ence numerals 141 to 144 denote notched portions 
for forming the salient pole portions 136 to 139. 

The reference numerals 145 to 148 denote slots 
into which the magnetic materials 1 02 are press-fitted 
and 149 a shaft hole through which the rotary shaft 
6 is passed. 

The reference numerals 150 to 153 represent 
through holes through which the caulking membera 

III to 114, respectively, are passed. Each of the 
through holes 150 to 153 has appropriate size and 
shape corresponding to the respective caulking mem- 
bera 111 to 114. After the magnetic materials 102 are 
press-fitted Into the rotor core, the end surface mem- 
bera are set, and the rotor 5 is integrally produced by 
using the caulking members 111 to 114, in the same 
way as the rotor 5 shown in Fig. 7. In this example. 
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each C3f the end surface members may have the same 
shape as the respective end surfaces of the rotor 
cores. 

Fig. 12 is a plan view of another modification of 
the rotor core 101 shown In Fig. 7. In Fig. 12, the ref- s 
erence numerals 154 to 157 denote slots into which 
the magnetic materials 102 having a fan-shaped sec- 
tion are press-fitted and 158 to 161 slits provided be- 
tween the respective adjacent slots 154 to 157 (on 
the boundaries between the poles). The slits 158 to io 
161 function as air gaps for promoting the separation 
of the respective magnetic poles after the magnetic 
materials 102 are press-fitted into the slots 154 to 
157. 

The reference numerals 162 to 165 represent 15 
through holes through which the caulking members 
111 to 114, respectively, are passed. Each of the 
through holes 162 to 165 has appropriate size and 
shape corresponding to the respective caulking menn- 
bers 111 to 114. They are disposed between the re- 20 
spective adjacent slots 1 54 to 157 so as to communi- 
cate with the respective sifts 158 to 161 . These con- 
tinuous holes and slits open on the outer periphery of 
the rotor core. 

Since the slits 158 to 161 communicate with the 25 
through holes 162 to 165 and these continuous holes 
open on the outer periphery of the rotor core, the air 
gaps between the adjacent magnetic poles are so en- 
larged as to reduce the flux leakage and the operation 
efficiency of the electric motor is enhanced to that de- 30 
grae. The reference numeral 1,66 represents a shaft 
hole into which the rotary shaft 6 is press-fitted. 

As described above, in the embodiments shown 
in Figs. 1 to 12, since there is no secondary conductor 
constituted by a metal pipe or a die-cast material 3S 
which causes an eddy current, it is possible to en- 
hance the operation efficiency of the electric motor to 
that degree, in other words, a smaller motor than a 
conventional one can have the same output. It is 
theiefore possible to reduce the entire size of a com- 40 
pressor. 

In addition, by providing air gaps between the re- 
spective adjacent magnetic poles of the rotor, it is 
possible to reduce the flux leakage and to further en- 
hance the operation efficiency of the electric motor. 4$ 

Fig. 13 is a partially sectional view of still another 
embodiment of the rotor 5 of an electric motor for a 
compressor according to the present invention. Fig. 
14 is a plan view thereof and Fig. 1 5 is a tiottom view 
thereof. Fig. 1 6 is a plan view of the first end surface so 
member of the rotor. Fig. 17 is a side etevational view 
thereof. Fig. 18 is a plan view of the second end sur- 
face member of the rotor and Fig. 19 is a plan view of 
the rotor core shown in Fig. 13. In these drawings, the 
reference numeral 69 represents a rotor core and 70 55 
a magnetic material composed of a penmanent mag- 
net and inserted into the rotor core 69. A first end sur- 
face member 67 and a second end surface member 



68 formed from a nonmagnetic material similar to that 
in the above-described embodiments are disposed 
on the top and the bottom of the rotor core 67 and the 
magnetic materials 70. These elements are bolted by 
a plurality of (four in this embodiment) bolts 71 and 
nuts 72, and the rotary shaft 6 of the electric motor 2 
is press-fitted thereinto. 

in this case, the inner diameter dl of each of the 
first and second end surface members 67. 68 is larger 
than the inner diameter d3 of the rotor core 69 shown 
in Fig. 19, and the outer diameter Dl of each of the 
first and second end surface members 67, 68 is 
smaller than the outer diameter D3 of the rotor core 
69. The diameter of each of the bolt holes 67a and 68a 
formed In the first and second end surface members 
67 and 68, respectively, is larger than the diameter of 
each of the bolt hole 69a of the rotor core 69 shown 
in Fig. 19. 

In Fig. 19, the rotor core 69 has four slits 69b and 
and four slots 69c having a fan-shaped section into 
which magnetic materials 70 having a fan-shaped 
section are press-fitted. 

Fig. 20 shows a modification of the rotor core 69 
shown in Fig. 13. In a rotor core 73 shown In Fig. 20, 
bolt holes 73a communicate with slits 73b and these 
continuous holes open on the outer periphery of the 
rotor core 73. The reference numeral 73c denotes a 
through hole for Inserting the magnetic material 70 
thereinto. 

Fig. 21 shows another modification of the rotor 
core 69 shown in Fig. 13. Arotor core 74 shown in Fig. 
21 has bolt holes 74a and slots 74c for inserting the 
plate-like magnetic materials 70 thereinto. 

According to the embodiment shown in Figs. 13 
to 21 , the machining tolerance In each of the outer and 
inner diameters of the first and second end surface 
members 67, 68 and the bo\t holes may not be very 
strict It is also easy to align the inner peripheries, the 
outer peripheries and the bolt holes of the first and 
second end surface members and the rotor core at 
the time of bolting (or caulking) these three elements. 

Fig. 22 is a partially sectional view of a further 
embodiment of the rotor of an electric motor for a 
compressor according to the present invention, in this 
embodiment, the rotor is provided with grooves hav- 
ing a U-shaped section in the walls of the slots of the 
rotor core perpendicularly relative to the axial direc- 
tion of the slots. Grooves 80a and 80b having a U- 
shaped section are provided at the upper end and the 
lower end of each slot 79 of a rotor core 76. The ref- 
erence numeral 77 denotes a magnetic material (per- 
manent magnet) press-fitted into each slot 79. In the 
modification of the rotor core 76 shown in Fig. 23, one 
groove 80c is added at the central portion of each slot 
79, and In the modification of the rotor core 76 shown 
in Fig. 24, two grooves 80d are added at the central 
portion of each slot 79. 

In any of these rotor cores 76, when the magnetic 
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materials 77 are press-fitted into the slots 79, the ro- 
tor core 76 which receh^es the pressure deforms so as 
to release the pressure, thereby reducing the resis- 
tance to press-fit 

Fig. 25 is a partially enlarged plan view of stiil an- s 
other modification of the rotor core 78 shown In Fig. 
2Z The rotor core shown in Fig. 25 is provided In the 
axial direction of the slots 79 with grooves having a 
V-shaped section on each of the Inner walls of the 
slots 79. 10 

One groove 81 having a V-shaped section is pro- 
vided in each opposing side inner walls 79a, 79b and 
three grooves 81 are provided in opposing peripheral 
Inner walls 79c. 79d in each slot 79. 

When the magnetic materials 77 are press-fitted is 
into the slots 79, the grooves 81 deform so as to elast- 
ically hold the. magnetic materials 77. 

Such grooves can also be provided in the rotor 
core shown in Fig. 26, in which magnetic material 77a 
has a plate-like shape. 20 

According to the embodiment shown in Rgs. 22 
to 26, even If a magnet of a sintered material such as 
ferrite is used as the magnetic material, since no ad- 
ditional machining is necessary, it is possible to allow 
a large press-fit margin and the engagement between 25 
the magnetic material and the slot is firm, so that it is 
possible to simplify the production steps, which leads 
to a large reduction In the cost. 

Fig. 27 is a plan view of an iron plate constituting 
a still further embodiment of the rotor of an electric 30 
motor for a compressor according to the present in- 
vention. An iron plate 82 is provided with slots 84Ato 
84D having a fan-shaped section into which nriagnetic 
materials (permanent magnets) 83Ato 83D are press- 
fitted. The slots 84A to 84D are formed In the iron 3S 
plate 82 along the outer periphery. Since the rotor 5 
is used for a quadripolar electric motor, the four mag- 
netic materials are used. Slits 85A and 85C are pro- 
vided between the magnetic materials 83A and 83B, 
and between the magnetic material 83C and 83D, re- 40 
spectlvely, so as to prevent the short circuit of the 
magnetic flux therebetween. The slits 85A and 85C 
insulate the magnetic flux (prevent short circuit) by 
utilizing the high insulation property of air with re- 
spect to magnetism. 45 

As the magnetic materials 83A to 83D, magnets 
of sintered fenrite, a sintered rare earth element, an al- 
loy of rare earth element and iron and a plastic con- 
teinlng a rere earth element are usable, as described 
above. The rotery shaft 6 Is press-fitted into the rotor so 
5 through a shaft hole 86 shown in Fig. 1 by shrink fit- 
ting or the like. A caulking rod (not shown) is inserted 
into a circular portion at the proximal end of each of 
the elite 85Aand 85C so as to integrally assemble and 
laminate a multiplicity of Iron plates 82. ss 

According to this structure, since the slits 85A 
and 85C are provided between the magnetic materi- 
als 83 A and 83B, and between, the magnetic material 



83C and 83D, respectively, the short circuit of the 
magnetic flux is prevented, but since there is no air 
gap between the magnetic materials 83B and 83C, 
and between the magnetic material 83D and 83A, the 
magnetic flux is short circuited. That is, the rotor sub- 
stentially functions as a rotor for a bipolar motor. 

Fig. 28 is a plan view of a modification of the iron 
plate 82 shown In Fig. 27. In this case, slots 64E and 
84F having a fan-shaped section and extending over 
the semicircle are provided in the iron plate 82, and 
two magnetic materials 83E and 84F are press-fitted 
Into the slots 84E and 84F, thereby producing the ro- 
tor for a bipolar electric motor. 

Fig. 29 is a plan view of another modification of 
the iron plate 82 shown In Fig. 27. In this case, linear 
slote 87A to 87D are provided in the iron plate 82, and 
plate-like magnetic materials 88A to 88A are press- 
fitted into the respective slots 87Ato 87D. Since the 
rotor 5 is used for a quadripolar electric motor, the four 
magnetic materials are used. Two notched portions 
89D and 898 are provided along the outer periphery 
so as to prevent the short circuit between the magnet- 
ic materials 88A and 88D, and between the magnetic 
materials 888 and 88C. 

These notched portions 89D and 898 increases 
the distance between the corresponding magnetic 
materials, and by utilizing the high insulating quality 
of air. the short circuit of the magnetic flux is prevent- 
ed (insulated). The reference numeral 90 denotes a 
hole into which a caulking rod (not shown) for integral- 
ly assembling and laminating a multiplicity of iron 
plates 82 is inserted. 

According to this structure, the short circuit of the 
magnetic flux is prevented between the magnetic ma- 
terials 88A and 88D and t>etween the magnetic ma- 
terials 888 and 88C by the notched portions 89D and 
88D, respectively, but since there is no notohed por- 
tion between the magnetic materials 88A and 888 
and between the magnetic materials 88C and 88D, 
the magnetic flux Is short circuited. That is, the rotor 
substantially functions as a rotor for a bipolar motor. 

Fig. 30 is a plan view of still another modification 
of the iron plate 82 shown in Fig. 27. In this case, four 
notched portions 89A to 89D are provided, while only 
two magnetic materials 88A and 88C are provided. 
Since there are only two magnetic materials 88Aand 
880, the notched portions 89A to 89D exert no influ- 
ence on the magnetic flux. That Is, the rotor is for a 
bipolar motor. 

In the embodiment shown in Figs. 27 to 30, a 
method of converting a quadripolar motor structure to 
a bipolar motor structure is described. It goes without 
saying that this emtxxliment is applicable to the case 
of reducing, for example, the eight poles of a motor to 
four poles. 

In other words, a comparatively simple structure 
of providing a means for preventing the short circuit 
of the magnetic flux between one pair of magnetic 
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poles and not providing the means at the other ends 
of the respective poles can easily reduce the number 
of poles of an electric motor. 

As a result, for example, it is possible to reduce 
the chopping frequency of the electric power which is s 
supplied to the stator coil to 172 by changing a bipolar 
motor to a quadripdar motor. Therefore, a chopper 
transistor used In an inverter circuit need not be an ex- 
pensive transistor having a high switching response 
characteristic. In addition, since the loss in a switch- io 
ing circuit is reduced, the enhancement of the inver- 
sion efficiency of an inverter and the nrrator efficiency 
is achieved. 

Fig. 31 is a partially sectional viewof astill further 
embodiment of the rotor of an electric motor for a is 
compressor according to the priesent invention, and 
Fig. 32 is a plan view thereof. 

A rotor core 91 incorporating the rotor 5 Is com- 
posed of a plurality of laminated iron plates. A U-shap- 
ed space 93 with the top portion closed by a thin 20 
bridge 92 is formed in each iron plate between adja- 
cent salient pole portions. 

The reference numeral 94 represents a first end 
surface member attached to one end of the rotor core 
91, and 95 a second end surface member attached to 2S 
the other end of the rotor core 91 . The reference nu- 
meral 96 denotes a magnetic material composed of a 
permanent magnet. 

According to this structure, although the rotor 5 
has a salient pole structure, since there is no notched so 
portion on the outer periphery, in the case of rotating 
the motor in a liquid as an electric motor for a com- 
pressor, the rotation resistance is reduced to a mini- 
mum. Since the notched portion (space 93) is con- 
nected by the thin bridge 92, the magnetic short cir- 35 
cuit between the poles is negligible. 

Fig. 33 is a plan view of a modification of the rotor 
core shown in Fig. 31. Atop-dosed U-shaped space 

98 similar to the space 93 is formed, and a caulking 

pin 99 of a nonmagnetic material for integrally bond- 40 
ing the rotor core 91 and the upper and lower end sur- 
face members (not shown) is passed through the 
space 98. 

According to this structure, since the caulking pin 

99 is inserted into the space 98, a through hole for 4S 
passing a caulking pin therethrough is obviated, and 

the magnetic resistance and the core loss at this por- 
tion are reduced, thereby enabling the increase in the 
efficiency of the motor. 

Figs. 34 to 36 are plan views of other modif lea- so 
tions of the rotor core shown in Fig. 31. In each of 
these rotor cores, a U-shaped portion between the 
salient pole portions is filled with a caulking pin for in- 
tegrally caulking the rotor core 91 and the upper and 
lower end surface members (not shown) and/or a 55 
nonmagnetic filler in place of closing the top portion 
with the thin bridge 92. 

In Fig. 34, nonmagnetic caulking pins 100A are 



passed through the U-shaped notched portion 100 on 
the outer periphery of the rotor core 91 . 1 n Fig. 35, the 
notched portion 100 in Fig. 34 are filled with nonmag- 
netic fillers 100B8. In Fig. 36, the notched portions 
100 on the outer periphery of the rotor core 91 are fil- 
led with the nonmagnetic fillers 100B, and caulking 
holes 100C for integrally caulking the rotor core 91 
and the upper and lower end surface members (not 
shown) are provided. 

Fig. 37 is a plan viewof astill further modification 
of the rotor core shown in Fig. 31. The rotor core in 
Fig. 33 is the same as the rotor core 91 shown in Fig. 
33 except that the inner peripheral portion of the rotor 
core 91 is further caulked by caulking pins 97. 

According to these structures shown in Fig. 32 to 
37, since the U-shaped portion is filled with a non- 
magnetic caulking pin for integrally caulking the rotor 
core and the upper and lower end surface members 
and/or a nonmagnetic filler in place of closing the top 
portion with the thin bridge, a through hole for passing 
a caulking pin therethrough Is obviated, and the mag- 
nette resistance and the core loss at this portion are 
reduced, thereby enabling the increase in the effi- 
ciency of the motor. 

Fig. 38 is another example of a compressor incor- 
porating a still further embodiment of the rotor of an 
electric motor according to the present Invention. The 
same reference numerals are provided for the ele- 
ment whk:h are the same as those in Fig. 1 and ex- 
planation thereof will be omitted. 

Fig. 39 is a partially sectional view of the rotor 
shown in Fig. 38, and Fig. 40 is a plan view thereof be- 
fore the rotary shaft 6 Is press-fitted thereinto. In 
each of the drawings, the reference numeral 226 de- 
notes a rotor core which Is composed of a plurality of 
laminated iron plates 227 each having a thtekness of 
0.3 to 0,7 mm and punched from an electromagnetic 
steel plate into a predetermined shape as shown in 
Fig. 41. The iron plates 227 are caulked with each 
other and integrally laminated. Alternatively, the iron 
plates 227 may be integrally bonded by welding the 
outer peripheral surfaces. 

The iron plate 227 is punched from an electro- 
magnetic steel plate in to a shape which can form sal- 
ient pole portions 228 to 231 constituting four mag- 
netic poles, as shown in Fig. 41. The reference nu- 
merals 232 to 235 denote notched portions between 
the respective salient pole portions 228 to 231. 

The outer diameter D of the iron plate 277 (the 
distance between the tops of each pair of salient pole 
portions) is 40 to 70 mm. in this embodiment, it is 50 
mm. 

The reference numerals 241 to 244 denote slots 
into which later-described magnette materials 245 
(permanent magnets) are press-fitted. The slots 241 
to 244 are formed in the iron plate 227 on the outer 
peripheral side thereof on a concentric circle with the 
rotary shaft 6 in correspondence with the respective 
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salient pole portions 228 to 231. The distance d be- 
tween each of the slots 241 to 244 and the adjacent 
side wall of the respective salient pole portions 228 to 
231 Is preferably as small as possible. 

In this way, since the outer diameter D of the rotor s 
core 226 is set to 40 to 70 mm and the distance d be- 
tween each of the slots 241 to 244 and the respective 
salient pole portions 228 to 231 is set to be as small 
as possible, it is possible to reduce the magnetic flux 
leakage between the magnetic poles (magnetic ma- io 
terials 245) while maintaining the strength of the rotor 
core 226, thereby enhancing the operation efficiency 
of the electric motor 2. 

The reference numeral 246 represents a shaft 
hole which is formed at the center of the iron plate 227 is 
so as to shrink fit the rotary shaft 6 thereinto. The ref- 
erence numerals 247 to 250 represent through holes 
formed on the inside of the respective slots 241 to 244 
through which later-described caulking rivets 251 to 
254, respectively, are passed. Each of the through 20 
holes 247 to 250 has appropriate size and shape oor- 
responding to the respective caulking rivets 251 to 
254. The reference numerals 256 to 259 represent 
caulking portions for caulking and fixing the iron 
plates 227 with each other. The caulking portions 256 25 
to 259 are provided on an approximately concentric 
circle with the circle on which the through holes 247 
to 250 are provided and between the respective slots 
241 to 244. The reference nunnerals 261 to 264 rep- 
resent holes formed on the inside of the respective 30 
caulking portions 256 to 259 so as to form oil passag- 
es. 

A plurality of iron plates 227 are laminated and in- 
tegrally caulked at the caulking portions 256 to 259, 
thereby producing the rotor core 226 which is shown 35 
In the side elevational view in Fig. 42. The outer diam- 
eter of the rotor core 226 is the outer diameter D (50 
mm) of the iron plate 227 and the dimension Lof lanr>- 
inatton is, for example, 40 mm. The ratio L/D of the 
outer diameter D of the iron plate 227 and the dimen- 40 
sion L of lamination is less than 1.1. in this embodi- 
ment, the ratio L7D is 0.8. That is. the dimension of the 
rotor core 226 in the direction of the rotary shaft 6 is 
set to be a smaller value. 

The magnetic material 245 is composed of a mag- 45 
net of a rare earth element such as a praseodymium 
magnet (alloy of praseodymium and iron) and a neo- 
dymium magnet (alloy of neodymium and iron) plated 
with nickel. The magnetic material 245 has a rectan- 
gular section and takes a shape of a plate as a whole, so 
as shown in Fig. 43. The dimension 2 of the magnetic 
material 245 in the direction of the rotary shaft 6 is the 
same as L. The size of each of the slots 241 to 244 is 
determined so that the magnetic material 245 is tight- 
ly press-fitted thereinto. ss 

Fig. 44 shows the demagnetization curve of a fer- 
rite magnet and the demagnetization curve of a rare- 
earth magnet such as described above which is a per- 



manent magnet used as the magnetic material 245 In 
Fig. 43. The ordinate represents the flux density B 
and abscissa a coerdve force He. A broken line is a 
demagnetization curve of a general ferrite magnet 
and a solid line is a demagnetization curve of a gen- 
eral rare-earth magnet. A line T1 represents the val- 
ues measured at •«-25*'C, and a line T2 at -i-150°C. 

As Is clear from Fig. 44, the rare-earth magnet 
has a larger residual flux density Br and a larger co- 
ercive force He than the ferrite magnet. The magnetic 
energy product of the rare-earth magnet is also very 
large. It Is therefore possible to secure the necessary 
gap flux and obtain the required output even if the 
area of the magnet Is reduced. 

The rotary shaft 6 is a cantilever type and sup- 
ported only at the lower part by the bearings 17 and 
18, as described sbovs. Therefore, if the dimension 
of the rotary shaft 6 of the rotor 5 in the social direction 
is increased, a large run-out » produced, especially, 
at the time of high-speed rotatton, and with the in- 
crease in the vibration and noise, both the reliability 
and the operation efficiency are lowered. 

In this embodiment, however, since the rare- 
earth magnet is used as the magnetic material 245 
provided in the laminated rotor core 226, it is possible 
to reduce the size of the rotor core 226 while maintain- 
ing the necessary output as compared with a conven- 
tional rotor core using a ferrite magnet. As a result, it 
is possible to enhance the reliability and the opera- 
tion efficiency by reducing the vibration and noise 
caused by the run-out of the rotor 5. 

Especially, since the ratio L/D of the outer diam- 
eter D and the dimension Lof the rotor core 226 in the 
direction of the rotary shaft 6 is reduced to less than 
1.1 , In other words, the reductk>n in the size of the ro- 
tor core 226 is realized by the reduction of the dimen- 
sion of the rotor core 226 in the direction of the rotary 
shaft 6, it is not necessary to change the facility for 
producing the compressor, which would be required 
by a change in the dianieter of the rotor core 226 or 
the outer diameter of the closed conteiner 1 of the 
compressor 

Referring to Fig. 38 again, the reference numer- 
als 266 and 267 represent flat end surface membere 
which are attached to the upper and lower end of the 
rotor core 226. The end surface members 266 and 
267 formed from a nonmagnetic material such as alu- 
minum and a resin material have substantially the 
same shape as the iron plate 227. The outer diameter 
of the end surface membere 266, 267 is smaller than 
the outer diameter D of the rotor core 226. Through 
holes 271 to 274 are formed in the end surface mem- 
bers 266, 267 at the corresponding positions to the 
through holes 247 to 250, and a shaft hole 276 and 
holes 277 to 274 are formed In the end surface mem- 
bers 266, 267 at the corresponding positions to the 
shaft hole 246 and the holes 261 to 264, as shown in 
Fig. 40. 
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The shaft hole (inner diameter) 276 of the end 
surface embers 266, 277 is larger than the shaft hole 

246 (inner diameter) of the iron plate 227, and the di- 
ameter of each of the through holes 271 to 274 of the 
end surfaces 266, 267 is larger than the diameter of s 
each of the through holes 247 to 250 of the Iron plate 
227. 

After the magnetic materials 245 are press-fitted 
into the slots 241 to 244 of the rotor core 226, the up- 
per and lower end surface members 266 and 267 are io 
set so as to cover the tops and the bottoms of the slots 
241 to 244. In this state, the through holes 247 to 250 
In the iron core 226 and the through holes 271 to 174 
in the upper and lower end surface members commu- 
nicate with each other In the direction of the rotary is 
shaft 6. Thereafter, the rivets 251 to 254 are passed 
through the respective through holes 247 to 250 and 
271 to 274 so as to integrally caulk the upper portion 
and the lower portion of the laminate and produce the 
rotor 5. The rotary shaft 6 is then inserted into the 20 
shaft hole 246, and the rotor 5 and the rotary shaft 6 
are fixed by shrink fitting. The symbol BW represents 
a balance weight which is fixed to the rotor core 226 
by the rivet 251 together with the upper end surface 
member 266. 25 

in this manner, since the rotor 5 is integrally as- 
sembled before the rotary shaft 6 is press-fitted 
theretinto, it is possible to maintain the high dimen- 
sional accuracy of the rotor 5. In addition, since the 
end surface members 266, 277 composed of a non- 30 
magnetic material are used for the purpose of integral 
assembly of the rotor core 226, there is no secondary 
conductor constituted by a metal pipe or a die-cast 
material, thereby preventing the generation of an 
eddy current caused thereby. 35 

Furthermore, since the outer diameter of the end 
surface members 266, 267 is smaller than the outer 
diameter D of the rotor core 226, and the shaft hole 
276 (inner diameter) of the end surface members 266, 
267 is larger than the shaft hole 246 (inner diameter 40 
of the rotor core 226) of the iron plate 227, when the 
end surface members 266, 267 are attached to the ro- 
tor core 226, the end surface members 266, 267 do 
not protrude to the outside of the rotor core 226 or to 
the inside of the shaft hole 246 of the rotor core 226. 4S 

In addition, since the diameter of each of the 
through holes 271 to 274 is larger than the diameter 
of each of the through holes 247 to 250 of the iron 
plate 227, even if there is a. slight error in alignment 
of the through holes 271 to 274 with the through holes so 

247 to 250, there is no trouble in inserting the rivets 
251 to 264. 

Therefore, the machining tolerance in each of the 
outer and Inner diameters of the end surface mem- 
bers 266, 267 and the diameter of each of the through ss 
holes 271 to 271 may not be very strict. It is also easy 
to align the inner peripheries, the outer peripheries of 
the end surface members and the through holes at 



the time of assembling the end surfaces 266, 267 and 
the rotor core 226. 

The state of the magnetic field generated within 
the rotor core 226 by each of the magnetic materials 
245 is shown in Fig. 45. A substantially concentric 
magnetic field around the notched portion 233 is gen- 
erated between the magnetic materials (magnetic 
pdes) 245 which are press-fitted Into the adjacent 
slots 242, 243, for example, as indicated by the brok- 
en lines. A similar magnetic field is generated be- 
tween the other adjacent magnetic material 245. 

Since the through holes 247 to 250 are formed in 
correspondence with the inner walls of the respective 
magnetic materials 245, each of the through holes 
247 to 250 as a gap is positioned not at the center but 
at the peripheral portion of the magnetic paths lead- 
ing to one magnetic material 245 to the adjacent mag- 
netic material 245. Therefore, the through holes 247 
to 250 are unlikely to become a magnetic resistance 
to the magnetic field produced. It is therefore unlikely 
to generate a disturbance in the magnetic field, so 
that it is possible to hold down the deleterious influ- 
ence of the through holes 247 to 250 on the electric 
motor 2 to the minimum and increase the output of the 
electric motor 2. 

Since the caulking portions 256 to 259 and the 
holes 261 to 264 of each of the iron plates 227 are dis- 
posed between the through holes 247 to 250, It is pos- 
sible to position the caulking portions 256 to 259 on 
the outer peripheral side of the rotor core 226, as 
shown in Fig. 41. It Is therefore possible to Increase 
the fixing strength of the iron plates 227 by caulking. 
Although the caulking portions 256 to 259 and the 
holes 261 to 264 are situated at the center of the mag- 
netic field, since the caulking portions 256 to 259 and 
the holes 261 to 164 are minimal gaps as compared 
with the through holes 247 to 250, the influence there- 
of on the magnetic field is small. 

The operation of the electric motor 2 in this em- 
bodiment will now be explained with reference to 
Figs. 46 to 51 . Figs. 47 to 49 are connection diagrams 
of the stator coil 7, and Figs. 50 and 51 are plan views 
of the stator 4. The stator coil 7 disposed around the 
rotor 5 is a three-phase coil composed of an outer 
winding of a phase U, an intermediate winding of a 
phase V and an inner winding of a phase W, each of 
which constitutes four poles U1 to U4, VI to V4 and 
W1 to W4. as shown In Figs. 50 and 51. 

A direct current is supplied to each of the U-phase 
winding, the V-phase winding, the W-phase winding 
of the stator coil 7 in the order of a pattern 1 to a pat- 
tern 6 by a controller (not shown) such as an inverter 
which is composed of a plurality of switching ele- 
ments, e.g., transistors, as shown in Fig. 46. The dis- 
tributions of the magnetic fields (synthesized mag- 
netic field) on the inner periphery of the stator 4 gen- 
erated when the stator coil 7 Is excited in the patterns 
from 1 to 6 are shown in the connection diagrams in 
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Figs. 47 to 49. 

The same pattern number in each drawing refers 
to the same pattern, and the symbol encircled N in 
Figs. 50 and 51 corresponds to the symbol encircled 
N in Figs. 47 to 49. In this embodiment, it Is assumed s 
that the magnetic materials 245 inserted into the slots 
241 and 243 are N poles and the magnetic materials 
245 inserted Into the slots 242 and 244 are S poles, 
and that the controller excites the stater coil 7 every 
time the salient pole portions 228 to 231 (magnetic io 
materials 245 therein) of the rotor 5 push each other 
by the repulsion of the same poles. 

When the pattern 1 1s shifted to the pattern 2, the 
magnetic field rotates 30 degrees. Accordingly, when 
the excitation proceeds from the pattern 1 to the pat- is 
tern 6, the magnetic field rotates 180 degrees, and 
two periods of synthesized magnetic field exists in 
360 degrees, as shown in the connection diagrams in 
Figs. 47 to 49. The rotor 5 is rotated (that is, the rotor 
5 also rotates 30 degrees In one pattern) clockwise in 20 
Fig. 41, as described above, by the repulsion of the 
synthesized magnetic field arid the magnetic field 
generated by each magnetic material 245 at a rate at 
which the voltage and the load applied to the stator 
coil 7 are balanced (variable in the range of, for ex- 25 
ample, 500 to 10000 rpm by changing the voltage ap- 
plied). The rotary shaft 6 also rotates with the rotation 
of the rotor 5, and the eccentric portions 11 and 12 
also rotate, so that the first and second rollers 13, 14 
rotate, thereby executing the compressing operation. 30 

Although the magnetic material 245 and the slots 
241 to 244 have a rectangular section in this embodi- 
ment, but the section is not restricted thereto and they 
may have a fan-shaped section of a predetermined 
width or a segmental section. 35 

The above-described embodiments of the rotor 
are applied to the electric motor for a rotary compres- 
sor, but the application of the rotor of the present in- 
vention is not restricted thereto. The rotor of an elec- 
tric motor of the present invention is also effective for 40 
a scroll compressor such as that shown in Fig. 52. Fig. 
52 is a sectional view of a scroll compressor which 
can adopt each of the above-described embodiments 
of the rotor of an electric motor according to the pres- 
ent invention. The same reference numerals are pro- 4S 
vided for the element which are the same as those in 
Figs. 1 and 38, and explanation thereof will be omit- 
ted. 

The closed container 1 accommodates an elec- 
tric motor 2 in the lower part and the compressing ele- so 
ment 3 driven by the electric motor 2 in the upper part. 

The electric motor 2 is composed of the stator 4 
fixed to the inner wall of the closed container 1 and 
the rotor 5 supported by the inside of the stator 4 in 
such a manner as to be freely rotatable around the ro- ss 
tary shaft 6. The stator 4 is provided with the stator 
coil 7. 

The compressing element 3 is composed of a 



fixed scroll 301 and a rotary scroll 302. The fUed 
scroll 301 is disposed at the highest portion in the 
container 1 and the peripheral portion thereof is fbced 
to the dosed container 1 by shrink fitting. The rotary 
scroll 201 is opposed to the fixed scroll 301 and a re- 
frigerant compression chamber 303 is fornDed be- 
tween the fixed scroll 301 and the rotary scroll 302. 
The rotary scroll 302 rotates with the rotation of the 
rotary shaft 6 of the electric motor 2. 

The refrigerant sucked from the suction pipe 24 
is sucked by the refrigerant compression chamber 
303, and as the compression chamber 303 is gradu- 
ally contracted toward the center with the rotation of 
the rotary scroll 302, the refrigerant is compressed 
and discharged from the discharge pipe 22. 

In this case, the rotor core 226 of the rotor 5 is 
composed of a plurality of integrally laminated and 
caulked iron plates as in the rotor core 226 shown in 
Fig. 38. After the magnetic materials are press-fitted 
into the slots of the rotor core 226, the upper and low- 
er end surface members 266 and 267 are set so as 
to cover the tops and the bottoms of the slots. In this 
state, the rivets 251 are passed through the respec- 
tive through holes so as to integrally caulk the upper 
portion and the lower portion of the laminate and pro- 
duce the rotor 5. The balance weight BW is fixed to 
the rotor core 226 by the rivet 251 together with the 
lower end surface member 267. 

While there has been described what are at pres- 
ent considered to be preferred embodiments of the in- 
vention, it will be understood that various modifica- 
tions may be made thereto, and it is intended that the 
appended daims cover ail such modifications as fall 
within the true spirit and scope of the invention. 



Claims 

1 . A rotor of an electric motor for a compressor hav- 
ing a compressing element and an electric motor 
for driving said compressing element which are 
accommodated in a single dosed container, said 
rotor comprising: 

a rotor core composed of a plurality of lam- 
inated n'on plates; 

a first end surface member formed from a 
nonmagnetic material which has at least a bal- 
ance weight and a caulking boss tor caulking a 
disk for oil separation and which is disposed at 
one end of said rotor; 

a second end surface member formed 
from a nonmagnetic material which is disposed at 
the other end of said rotor; and 

a plurality of caulking members which pen- 
etrate said rotor core, said first end surface mem- 
ber and said second end surface memt)er so as 
to integrally caulk said rotor core, said first end 
surface member and said second end surface 
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member. 

2. A rotor of an electric motor for a compressor ac- 
cording to claim 1 , wherein said rotor core is com- 
posed of a plurality of electromagnetic steel s 
plates each having a thickness of not more than 

0.5 mm which are integrally laminated by welding 
or caulking. 

3. A rotor of an electric motor for a compressor ac- io 
cording to daim 1, wherein said first end surface 
member/and or said second end surface member 

is composed of a die-cast nonmagnetic metal ma- 
terial, a drawn nonmagnetic metal, or a resin ma- 
terial. 15 

4. A rotor of an electric motor for a compressor hav- 
ing a compressing element 'and an electric motor 
for driving said compressing element which are 
accommodated in a single dosed container, said 20 
rotor comprising: 

a rotor core whkih Is composed of a plur- 
ality of laminated iron plates and which accom- 
modates a plurality of magnetic materials consti- 
tuting magnetic poles along the outer periphery 25 
of said rotor core; 

a first end surface member formed from a 
nonmagnetic material which has at least a bal- 
ance weight and a caulking boss for caulking a 
disk for oil separation and which is disposed at 30 
one end of said rotor; 

a second end surface member formed 
from a nonmagnetic material which is disposed at 
the other end of said rotor and 

a plurality of caulking members which are 35 
inserted into the respective through holes formed 
in said first end surface member and leading to 
said second end surface member through said 
rotor core so as to integrally caulk said rotor core, 
said first end surface member and said second 40 
end surface member. 

5. A rotor of an electric motor for a compressor ac- 
cording to daim 4, wherein 

said rotor core includes air gaps provided 45 
between the adjacent ones of said plurality of 
magnetk: poles respectively so as to prevent the 
short circuit of a magnetic flux, and 

said air gaps lead to said through holes re- 
spectively In which said caulking members are In- so 
sorted. 

6. A rotor of an electric motor for a compressor hav- 
ing a compressing element and an electric motor 

for driving said compressing element which are 55 
accommodated In a single dosed container, sakl 
rotor comprising: 

a rotor core which is composed of a plur- 



ality of laminated iron plates and which accom- 
modates a plurality of ntagnetic materials consti- 
tuting magnetic poles along the outer periphery 
of said rotor core; 

a first end surface member formed from a 
nonmagnetic material which has at least a bal- 
ance weight and a caulking boss for caulking a 
disk for oil separation and whtoh is disposed at 
one end of said rotor, 

a second end surface member formed 
from a nonmagnetic material which is disposed at 
the other end of said rotor; and 

a welding portion for integrally welding the 
outer peripheral surfaces of said rotor core, said 
first end surface member and said second end 
surface member. 

7. A rotor of an electric motor for a compressor hav- 
ing a compressing element and an electric motor 
for driving said compressing element which are 
accommodated in a single dosed container, said 
rotor comprising: 

a rotor core which is composed of a plur- 
ality of laminated iron plates and which accom- 
modates a plurality of magnetic materials consti- 
tuting magnetic poles along the outer periphery 
of sakj rotor core; 

a first end surface member formed from a 
nonmagnetic material which is disposed at one 
end of said rotor; 

a second end surface member formed 
from a nonmagnetic material which is disposed at 
the other end of said rotor; and 

a welding portion for integrally welding the 
outer peripheral surfaces of said rotor core, sakl 
first end surface member and said second end 
surface memt>er. 

8. A rotor of an electric motor for a compressor com- 
prising: 

a laminated rotor core; 
a magnetic material inserted into said rotor 
core; and 

upper and lower end surface members 
provided on the top and the bottom of said rotor 
core; wherein 

each of said end surface members is 
formed from a nonmagnetic material into an an- 
nular shape having a larger inner diameter than 
the inner diameter of said rotor core and a smaller 
outer diameter than the outer diameter of said ro- 
tor core. 

9. A rotor of an electric motor for a compressor ac- 
cording to daim 9, wherein the bolt hde formed 
in each of said upper and lower end surface mem- 
bers has a larger diameter than the bolt hole 
formed in said rotor core. 
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1 0. A rotor of an electric motor for a compressor com- 
prising: 

a rotor core having ja salient pole struc- 
ture; and 

a magnetic material inserted Into said rotor 
core; wherein 

a part of the outer periphefal surface of a 
salient pole portton of said rotor core Is cut In- 
wardly. 

1 1 . A rotor of an electric motor for a compressor com- 
prising: 

a rotor core having a salient pole struc- 
ture; and 

a magnetic material Inserted Into said rotor 
core; wherein 

said magnetic material is one selected 
from a group consisting of a praseodymium mag- 
net and a nickel-plated, aluminum ion-plated or 
resin-coated neodymium magnet; and 

a part of the outer peripheral surface of 
said salient pole portion of said rotor core Is cut 
inwardly. 

1 Z A rotor of an electric motor for a compressor com- 
prising: 

a laminated rotor core; and 

a magnetic material .inserted Into said rotor 
core; wherein 

said magnetic material is a rare-earth 
magnet; and 

the ratio L/D of the diameter D of said rotor 
core and the dimension L of said rotor core in the 
direction of the rotational axis is less than 1.1. 

13. A rotor of an electric motortor a compressor com- 
prising: 

a rotor core composed of a plurality of lam- 
inated iron plates; 

at least four insertion holes provided in 
said rotor core on the outer peripheral side in the 

direction of the rotational axis; 

I 

magnetic materials inserted into said in- 
sertion holes; 

end surface members provided on both 
end surfaces of said rotor core so as to cover said 
Insertion holes; 

a plurality of through holes which are 
formed in said rotor core on the inside of said in- 
sertion holes; 

the same number of through holes as said 
plurality of through holes which are formed in said 
end surface members at the corresponding pos- 
itions to the respective through holes in said rotor 
core in such a manner as to communicate there- 
with; and ' 

rivets inserted into said through holes so 
as to integrally connect said end surface mem- 
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bers and said rotor core. 

14. A rotor of an electric motor for a compressor ac- 
cording to daim ig, wherein each of said iron 
plates is provided with caulking portions for lam- 
inating and caulking said plurality of iron plates 
with each other, on an approximately concentric 
circle with the circle on which said plurality of 
through holes are provided and between the re- 
spective insertion holes. 

15. A rotor of an electric motor for a compressor ac- 
cording to daim 20, further comprising a plurality 
of holes provided in said end surface members 
and said rotor core on the inside of said caulking 
portions in such a manner as to conununicate 
with the corresponding holes in the direction of 
the rotational axis. 

16. A rotor of an electric motor for a compressor ac- 
cording to daim 21, further comprising a balance 
weight which is f bced by a rivet 
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